




A COMPARISON OF TWO METHODS OF GROWING TOMATO TRANSPLANTS:
CLAY POT METHOD VS. BARE-ROOT IN PEATLITE MIX METHOD

Dale W. Kretchman and William L. Bauer!e
Department of Horticulture

Ohio Agricultural Research and Development Center

To reduce transplanting labor, some commercial growers are using and others
are considering the use of bare-root tomato transplants in place of the standard
transplant produced in a pot. Pots in common use are clay, plastic, and peat. Pot-
ted plants require a considerable amount of hand labor for filling pots, seeding,
frequent watering, spacing, transferring to the planting rows, and usually hand
transplanting. Bare-root transplants, however, appear to require much less labor
in preparing the plant bed, less frequent watering, and no extra spacing. They lend
themselves readily to commercial, mechanical transplanters (Figures 1 and 2).

A study was initiated in the fall crop of 1970 to obtain information on yield
and fruit quality response of bare-root transplants in comparison with those pro-
duced in 4-inch clay pots. The results are reported in this article.

MATERIALS AND METHODS

Seeds of the cultivars Ohio W-R 25 and Ohio M~R 12 were germinated in vermicu-
lite and the small seedlings were transferred to the growing media after reaching
the proper size. The clay pots contained a mixture of 2/3 greenhouse soil plus 1/3
sphagnum peat. The bed of peatlite mix for producing the bare-root plants contained
a 50-50 mixture of sphagnum peat and No. 2 vermiculite. The following materials were
added to 22 bushels of this mix: 10 Ib. of dolomitic limestone, 3 Ib. of 22% super-
phosphate, 2 Ib. of potassium nitrate, 1 oz. of chelated iron (No. 138), and 1/2 oz,
of Borax dissolved in hot water and sprinkled into the mix. The mix was 6 inches
deep in the bed.

The pots were spaced 3 to 4 inches apart on the holding racks. Plant spacing
in the peatlite mix was 4 by 4 inches. The growing period was 5 weeks from pricking-
out to transplanting.

It was necessary to water the plants almost daily in the clay pots but only
every third or fourth day in the peatlite mix. Plants in the mix required no addi-
tional fertilization but plants in the pots required an application of 9-45-15 dur-
ing the week prior to transplanting. The amount used was 1/2 oz. per gallon of water
and the soil in the pots was wetted to saturation.

The plants were transplanted by hand on August 4. Considerable care was re-
quired with the bare-root plants to prevent breakage. After transplanting, the
plants received equal and normal treatment for research plantings. The usual fruit
set data were collected and the regular yield and fruit quality data were recorded
for the harvested fruit.

RESULTS AND DISCUSSION

Plants in the peatlite mix were soft and less sturdy than the potted plants
when transplanted. They were also considerably larger but no more advanced physio-
logically than those from the clay pots. It appears that the 4 x 4 in. spacing in
the plant growing bed was too close and a 6 x 6 in. spacing would have been more
desirable, especially during the high temperatures of July.





All plants grew well after transplanting, with no problems apparent.

Data on numbers of fruit set on the first six clusters (Table 1) indicate that
significantly more fruit were set on the third and fifth cluster of the bare-root
than the potted plants.

Results of the fruit set counts were confirmed when the yield data were ana-
lyzed (Table 2). Bare-root plants produced significantly greater numbers and more
total weight of fruit than the potted plants. There were more cracked fruit from
the bare-root plants than from the potted plants. There also were more fruits with
blossom-end rot from the bare-root W-R 25 plants than from the potted plants of this
cultivar (6.75% vs. 3.0%), The type of transplant of M-R 12 had no significant in-
fluence on blossom-end rot--1.5% for bare-root compared to 1.0% for potted plants.
W-R 25 had significantly greater numbers of fruits with this disorder than M-R 12,
regardless of type of transplant.

Other significant cultivar differences were found: W-R 25 produced signifi-
cantly more and larger fruits than M-R 12; M-R 12 had greater numbers of cracked
and off-colored fruit than W-R 25; W-R 25 had more off-shaped fruits than M-R 12.
These responses had no relationship to type of transplant*

The results from this preliminary study indicate that bare-root transplants may
produce yields equal to or greater than plants produced in the conventional manner
in clay pots. However, it cannot be said that the plants produced in the peatlite
mix are bare-root with the same connotation as bare-root tomato plants used for out-
door field transplanting. Roots on plants produced in the mix retain a considerable
amount of the mix (Figure 3) and there likely are more undamaged roots and root
hairs on these plants than on plants removed from clay pots during transplanting.

The results from this study are from a fall crop and much needs to be learned
about bare-root plant production and total plant response for the fall crop, as well
as for crops produced at other times of the year, before this type of plant produc-
tion can be fully recommended. Studies are continuing and results will be reported
when available.

TABLE 1.—Influence of Method
of Growing Transplants of Fruit Set
on the First Six Clusters.

No. Fruits/Cluster
Cluster Clay Pot Bare-Root

1
2
3
4
5

6

4.48
4.99
5.10
5.87
4.08
2.54

4.33
5.28
5.83**
5.98
4.70**
2.83

**Treatment means significantly dif-
ferent at odds of 99 to 1.
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A PRELIMINARY REPORT ON SUPPLEMENTAL LIGHTING
FOR TOMATO TRANSPLANTS GROWN IN PEATLITE MIX

William L. Bauerle and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

In Ohio, the natural light intensity is low during the months of November and
December when the spring crop of tomato transplants is being grown. Consequently,
carbohydrate production by photosynthesis is correspondingly low. This ultimately
results in a longer time required for growth and development of acceptable trans-
plants.

Blossom formation and fruit set on the first cluster is of considerable impor-
tance in a tomato crop grown from November to July. However, it is even more criti-
cal in high population spring crop plantings which may be topped after only several
clusters.

The application of light for growing transplants in peatlite mix for high popu-
lation, low cluster number plantings is currently under study.

Seeds of Ohio W-R 25 were sown in No. 2 vermiculite on Nov. 24, 1970, On Dec.
12, 1970, the seedlings were pricked-out at a 5-inch by 5-inch spacing into bins con-
taining a peatlite mix which was approximately 6 inches deep. At this time, half of
the bins containing plants were lighted with Gro-Lux WS Sylvania fluorescent tubes
which were placed approximately 6 inches from the tops of these plants. Light intens-
ity at plant level ranged from 800 to 1,000 ft. candles. The lights were on daily
from 8 a.m. to 8 p.m. until Jan, 19, 1971. At this time the plants under the lights
were transplanted into ground beds in Compartment 1 of Horticulture Greenhouse 1.
Plants exposed to normal winter light intensity but not given supplemental lighting
were smaller in size and could not be transplanted until Jan. 26, 1971. The ambient
temperatures in the greenhouse where these plants were grown were 70 to 75° F. day
and 62° F. night.

RESULTS AND DISCUSSION

The experiment was under study at the time this article was written. Field and
other data is therefore incomplete.

Figures 1 and 2 illustrate the significant effect of supplemental lighting on
the foliage and root growth of the transplants. When these photos were taken on
Jan, 19, 1971, the first blossom cluster was visible at the apical tip of plants
given supplemental lighting. This blossom cluster could not be found on the non-
lighted plants. Data recorded from this study will be available at a later date.
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A PRELIMINARY REPORT ON AN INVESTIGATION OF HIGH PLANT
POPULATIONS AND METHODS OF MULTIPLE PLANT POLLINATION

Dale W. Kretchman, Ted H. Short, and William L. Bauerle
Departments of Horticulture and Agricultural Engineering

Ohio Agricultural Research and Development Center

Numerous factors prompted an investigation into the feasibility of high plant
populations of tomatoes for multiple, continuous cropping systems in greenhouses in
Ohio. A declining labor supply in agriculture has accelerated the development of
mechanization, especially in harvesting. It was believed that the present system of
plant training would not lend itself readily to mechnical harvesting or the use of
harvesting aids. Small, compact plants with few clusters of fruit which mature uni-
formly would appear more adaptable for mechanization. However, high yields are nec-
essary to provide a favorable economic return in greenhouses.

To offset lower yields per plant from smaller plants, higher plant populations
have been used for some outdoor vegetables such as tomatoes and cucumbers for proc-
essing.

To effectively utilize the greenhouse with relatively short-maturing crops, it
appears theoretically that continuous multiple cropping would be feasible and nec-
essary. Another factor of considerable importance was the high labor required for
pollination.

A study was initiated in the fall of 1970 to obtain some preliminary informa-
tion for the development of a greenhouse tomato cropping system in which pollination
could be accomplished mechanically, transplanting could be done by machine, hand
labor for training and pruning would be minimized, and harvesting could be adaptable
to machines or mechanical aids. This report summarizes some initial results,

METHODS

Plants of W-R 25 and M-R 12 were grown in the usual manner in clay pots and
transplanted into ground beds on August 4 and 5, 1970. Plant spacing was 10 inches
in rows, 12 inches between non-working rows, and 18 inches in the working middles.
This provided a plant density of 41,817 plants per acre. The plants received the
regular cultural practices of irrigation, fertilization, and pruning.

Four methods of plant training combined with method of pollination were used:

1. String plus daily electrical vibrator.

2. Conduit plus daily tapping with a hammer (Figures 1 and 2).

3. Slotted, winged wooden bar plus daily tapping with a hammer (Figures 3 and 4)

4. Pollinating first cluster with electrical vibrator and daily tapping of
the slotted, winged wooden bar which was attached to the plant immediately
below the second cluster.

Periodically during pollination, a glass slide was held below several flowers
to obtain an estimate of the relative amount of pollen released. The amount of pol-
len was rated on a scale of 1 = none to 4 = large amount.







All plants were topped two leaves above the second cluster. Standard data on
total yield, fruit size, and quality defects were recorded at harvest and statisti-
cally analyzed.

RESULTS AND DISCUSSION

The plants grew very well in spite of the unusually high temperatures during
August and September and the flowers had a very desirable appearance. However,
there was a considerable distance between the first and second clusters (12 inches
or more) and it was necessary to raise the conduit and winged bars to keep the
plants in an upright condition. This was a rather difficult and time-consuming
task and would certainly not be desirable under commercial conditions.

There were some problems of plant breakage in the slots of the winged bars.
This method of holding the plants has been modified for the spring crop of 1971 and
results will be reported later.

Data from the collection of pollen during pollination (Table 1) indicate that
the electrical vibrator provided the greatest amount of pollen release. Tapping
the conduit gave the lowest rating and tapping the wooden bar resulted in an inter-
mediate amount of pollen collected on the glass slide. Since treatment 4 was a
combination of vibrator and tapping the winged bar (treatments 1 and 3), it was not
included in the pollen collection data.

The results from the harvested fruit support the pollen release findings (Table
2). The highest yields were from the vibrator treatment and the lowest from the tap
conduit treatment. The tap winged bar treatment was intermediate. Fruit size and

TABLE 1.—Influence of Method of Pollination on Amount of Pollen
Deposited on Glass Slide Held Immediately Below Cluster Being Pollinated.
F a l l Crop 1970

Rating of Pollen Collected on Glass Slide*
Date Cluster Vibrator Tap Conduit Tap Winged Bar

8-24

8-26

8-28

8-31

9-2

9-4

9-8

1

1

1

2

2

2

2

3.58

3.65
3.85

4.00

4.00

3.63

4.00

1.75

2.40

1.50

1.95

2.38

2.38

2.55

2.55

1.95

2.00

2.90

3.03

2.45

2.40

* Data based upon k replications. Rating Scale: 1= none; 2= slight;
3= moderate; k= considerable amount of pollen on slide.
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U.S. No. 1 grade fruit followed a similar pattern. There were no significant yield
differences between the tap winged bar and the vibrator plus tap winged bar treat-
ment, although the fruits were smaller from the latter treatment.

The most important quality factor affected by method of pollination was fruit
puffiness (Table 3). Fruits from the vibrator only treatment were significantly
less puffy than from the other treatments. This result is undoubtedly related to
degree of pollination and subsequent seed development.

The varietal response, summarized in Table 4, suggests that with the high plant
population used in this study, the TMV-resistant line M-R 12 produced significantly
less fruit (1.49 Ib./plant) than W-R 25 (1.59 Ib./plant), regardless of method of
pollination. Further, the number of defects per fruit was also greater (0.713 vs.
0.582) and percent U.S. No. 1 grade less (72.7% vs. 78.2%) from M-R 12 than W-R 25.

TABLE 2.—Influence of Method of Pollination in High Density
Planting on Yield and Fruit Size. F a l l 1970.

Pollination Method

Vibrator

Tap Conduit

Tap Winged Bar

Vibrator + Tap Bar

LSD - 5%

Yiel
No/Plant

7.42

6.46

6.91

7.06

= 0.60

d
Wt/P1ant(1bs)

1.88

1.32

1.51

1.45

0.11

Fruit Size
(oz.)

4.064

3.26k

3.504

3.280

0.192

U.S. No.1
%

83.13

70.75

76.25

71.63

6.97

TABLE 3.--Influence of Method of Pollination in High Density Planting
on Quality Factors. Fa11 1970.

Pollination Method

Vibrator

Tap Conduit

Tap Winged Bar

Vibrator + Tap Bar

LSD - 5% =

% Puffy

13.8

29.9

26.3

29.3

7.95

%Cracks

33.1

31.4

29.5

27.8

5.95

%0ff -Shape

5.5

2.9

5.0

4.5

2.05

% Rough

1.4

.5

.9

1.0

1.15

% Off -Col or

2.4

1.6

.5

1.4

1.77
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TABLE k.--The Relation of Cultivar and Method of Pollination to Yield
and Quality of Tomatoes from High Density Planting. Fall 1970.

Pollination Method

Vibrator

Tap Conduit

Tap Winged Bar

Vibrator + Tap Bar

LSD- 5%

TABLE 5.— The
to Yield and Quali

Pol 1 ination Method

Vibrator

Tap Conduit

Tap Winged Bar

Vibrator + Tap Bar

No./
CV. Plant

W-R 25 7.61
M-R 12 7.33

W-R 25 6.85
M-R 12 6.06

W-R 25 7.08
M-R 12 6.7!*

W-R 25 6.97
M-R 12 7.15

.845

Lbs/
Plant

1.91
1.85

1.44
1.21

1.57
1.1*5

1.1*
1.45

.149

Oz./
Fruit

4.08
4.05

3.36
3.17

3.57
3.45

3.31
3.25

.272

% U.S.
No.1

84.0
82.3

77.8
63.8

77.8
74.8

73.3
70.0

9.85

Relation of CCL Enrichment and Method of Pol
ty of Tomatoes from High Density Plantings.

No./
C02 Plant

+ 7.28

7.56

+ 6.67

6.25

+ 6.90

6.93

+ 7.53

6.58

Lbs/
Plant

1.92

1.85

1.39

1.26

1.54

1.49

1.59

1.30

Oz./
Fruit

4.22

3.90

3.31

3.22

3.57

3.44

3.38

3.18

% U.S.
No.1

82.5

83.8

68.0

73.5

76.8

75.8

67.8

75.5

No. Defects
Per Fruit

.523

.637

.570

.808

.618

.683

.618

.725

.158

1 ination
Fall 1970.

% Cracks

36.5

29.8

37.3

25.5

32.8

26.3

31.8

23.8

LSD- 5% = .845 .149 .272 9.85 8.42
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This was primarily due to the significantly greater numbers of puffy, cracked fruit
and fruit with blossom-end rot from M-R 12 than from W-R 25.

The influence of CĈ  enrichment on yield and fruit quality was similar to prev-
ious fall crop results (Table 5). Yields were increased, fruits were larger and the
numbers of cracked fruits were greater from the added COo treatment. Since no inter-
action was present in the data, C02 enrichment apparently had no influence on polli-
nation treatment.

The first fruits were picked on Oct. 2 and the last on Nov. 27, However, most
of the fruits were picked by Nov. 19. Considering the changes in light and tempera-
ture throughout the year, it is not unreasonable to suggest that three crops could
be grown each year with this type of culture. If potential yield is calculated
based upon the data for W-R 25 tied to a string and pollinated with a vibrator with
added C02 and 85% U.S. No.l packout, a potential, theoretical annual production of
25,450 8-lb. baskets could be produced with three crops of high density plantings.

Obviously this type of culture needs further study, especially from the stand-
point of variety selection, mechanization of pollination, supplemental lighting,
and the development of mechanical means for harvesting. Nevertheless, the potentials
are very intriguing and worthy of continued investigation.

Greenhouse Vegetable Research—1971. Research Summary 50, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1971,
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C02 ENRICHMENT EFFECTS ON YIELD AND FRUIT QUALITY
OF THE NEW TMV-RESISTANT CULTIVARS OF TOMATOES

Dale W. Kretchman and William L. Bauer!e
Department of Horticulture

Ohio Agricultural Research and Development Center

Commercial grower plantings of the recently released cultivars resistant to
tobacco mosaic virus (TMV) have increased rapidly in recent crops. Some growers are
using C02 enrichment in their cultural operations and others are not. No information
has been published on the response of these cultivars to C02 enrichment, although
they have been included in research studies for the two crops produced in 1970. The
results are reported in this article.

MATERIALS AND METHODS

Seeds of the cultivars Ohio W-R 25, Ohio-Indiana Hybrid 0, Ohio M-R 9, and Ohio
M-R 12 were sown in flats of vermiculite 8 weeks prior to planting the spring crop
and 6 weeks prior to planting the fall crop. Seedlings were transferred to soil in
clay pots after emergence. Transplanting to ground beds of the research plots was
done during the first week of January for the spring crop and the first week of Au-
gust for the fall crop. (X̂  enrichment was not used during plant production.

CO 2 was added daily from 1/2 hour before sunrise to 1 hour before sunset from
the time of transplanting the spring crop through March and then intermittently
through April and early May, when desirable temperatures could be maintained without
excessive ventilation. This was usually possible from sunrise to 10 or 11 a.m.

C02 additions were not started until Sept. 28 for the fall crop and then only
intermittently until early November due to higher-than-normal outside temperatures.
Since the plants were topped on Oct. 28, past research results indicated that the
influence of C02 enrichment on this crop would be minimal.

C02 levels for both crops ranged from about 600 to 1,500 ppm. during days when
temperatures were sufficiently low to permit minimum ventilation. When the top
vents were open to the maximum and any outside wind was present, C02 levels dropped
to as low as 400-500 ppm. in the CO^ added plots.

Day temperatures of 69° to 77° F. were maintained during the periods when ex-
ternal conditions were favorable for temperature control.' As with previous crops,
the lower temperature was used under low light conditions and as light intensity
increased, temperatures were increased up to 77° F. Night temperatures were set for
60° to 62° F.

All cultural practices were as uniform as possible throughout the study. Yield
and fruit quality data were collected and analyzed, using standard procedures for
all greenhouse tomato research trials at the OARDC.

RESULTS AND DISCUSSION

Results are summarized in Tables 1-4. The data presented are means of dupli-
cate plots of 12 or 18 plants of each cultivar. The results from the spring crop
indicate that the general means of fruit numbers and weight per plant were-greater
from the plus C02 treatment for all cultivars.
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TABLE 1. — Influence of CCL Enrichment on Yield, Size and Packout of
Four Cultivars of Greenhouse Tomato. Spring 1970.

Cultivar C02

W-R 25 +

Hybrid 0 +

M-R 9 +

M-R 12 +

LSD- 5% =

No. Fruit
Per Plant

43.38
37.67

42.92
39.38

41.54
36.67

42.13
37.17

5.89

Lbs. Fruit
Per Plant

15.07
13.20

15.15
14.04

13.87
12.34

13.43
12.12

1.69

Ave. Fruit
Wt. - Oz.

5.56
5.61

5.66
5.72

5.35
5.41

5.11
5.23

0.62

% U.S. No.1

77.0
73.0

73.5
72.5

77.0
72.5

76.0
67.5

7.84

TABLE 2. —Influence of C02 Enrichment on Fruit Quality Defects of
Four Cultivars of Greenhouse Tomato. Spring 1970.

Cultivar C02

W-R 25 +

Hybrid 0 +

M-R 9 +

M-R 12 +

% Puffy

14.0
11.0

15.0
7.0

12.0
10.0

18.5
13.5

% Cracks

30.5
37.5

35.5
37.5

28.5
34.5

28.5
38.0

% Off-Shape

11.0
11.5

9.0
12.0

8.0
9.0

9.0
11.0

% Off -Col or

26.0
30.5

37.0
43.0

37.5
47.5

31.0
45.5

No. Defects
Per Fruit

0.87
0.97

1.02
1.02

0.93
1.08

0.92
1.16

LSD- 5% = 10.6 11.1 4.1 10.5 0.28
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TABLE 3- — Influence of C02 Enrichment on Yield, Size and Packout
of Four Cultivars of Greenhouse Tomato. Fall 1970.

C u 1 1 i va r

W-R 25

Hybrid 0

M-R 9

M-R 12

LSD-

TABLE
Four Culti

C u 1 1 i va r

W-R 25

Hybrid 0

M-R 9

M-R 12

LSD-

No. Fruit
C02 Per Plant

+ 26.50
26.39

+ 24.42
2k. 33

+ 20.53
20.53

+ 22.97
23.66

5% = 2.82

4.--Inf1 uence of
vars of Greenhouse

% %

Lbs. Fruit
Per Plant

7.87
8.23

7.73
8.09

6.27
6.k6

6.88
7.19

0.84

Ave. Fruit
Wt. - Oz.

4.75
5.01

5.07
5.33

U.90
5.04

4.80
4.86

0.23

C02 Enrichment on Fruit Q.ua1
Tomato. Fall 1970.

% Off-
C02 Puffy Cracks Shape

+ 34.0 32
29.5 25

+ 44.0 26
33.0 31

+ 22.0 40
14.0 3k

+ 27.0 42
19.0 36

5% = 7.41 8

.0 13.0

.0 }k.S

.5 16.0

.0 15.5

.5 9-5

.5 10.0

.5 13.5

.5 13.5

.62 k.k]

% Off- %
Color BER*

4.5 6.5
1.5 5.0

6.0 0.5
2.0 0

11.5 1.0
9.0 2.5

4.5 4.5
1.0 2.5

8.06 2.67

% U.S. No.1

61.0
69.5

58.0
69.0

77.0
76.0

65.5
74.0

7.05

ity Defects of

No. Defects
Per Fruit

0.95
0.80

0.97
0.85

0.89
0.76

0.95
0.77

0.14

* Internal type of Blossom-End Rot.
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Packout of U.S. No.l grade fruit was significantly greater from plus CCU for
all crops based upon overall means but most significant for M-R 12 (Table 1) .
Fruit size, puffiness, shape, and number of defects per fruit were not significantly
influenced by CO- treatment. However, the percentages of fruits with cracks and
off-color were significantly reduced with added C0« (based upon overall means).
Again, the most significant improvement occurred with M-R 12.

As expected, there was very little response to thfe added C02 treatment in the
fall crop, although for some unexplainable reason fruits averaged smaller in size
and the numbers of puffy fruit were greater from the added C02 plots (Table 3 and 4).
This is the first time in seven crops of the C02 enrichment investigations where
this response has occurred. The blossom-end rot- was the type described in Ohio Ex-
tension Service Bulletin SB-19 as Internal Blossom-end Rot. W-R 25 has frequently
developed this disorder in the fall crop when higher-than-normal temperatures occur.
It now appears that the related M-R 9 and M-R 12 cultivars are also susceptible to
this disorder.

The data indicate that yields were lower from the M-R lines when compared to
the W-R 25 or Hybrid 0. The spring crop plants of the non-TMV-resistant W-R 25 and
Hybrid 0 did not show symptoms of the virus until after May 1 and it likely did not
reduce plant yields as much as an earlier infection would have. Fall crop yields
were also less from the M-R lines and no TMV symptoms were apparent on any of the
cultivars during the entire crop. Since all plants were treated as uniformly as
possible in the ground beds, it is possible that the M-R lines require a different
form of nutritional, temperature, or other management practice than W-R 25 or Hy-
brid 0. It could also be a genetically controllable factor.

It appears from the results of this study that the new TMV-resistant lines re-
spond generally to C02 enrichment in a manner similar to other greenhouse cultivars
under Ohio conditions. However, it may be necessary to modify growing practices to
obtain the most favorable response from CXL enrichment. Some of these factors are
currently under investigation.

Greenhouse Vegetable Research--1971. Research Summary 50, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1971,
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SUPPLEMENTAL LIGHTING FOR THE SPRING CROP OF GREENHOUSE TOMATOES

Dale W. Kretchman and William L. Bauerle
Department of Horticulture

Ohio Agricultural Research and Development Center

The study on supplemental lighting for the greenhouse tomato was initiated in
1968 and results of initial studies were published in OARDC Research Summaries 34
(April 1969) and 41 (April 1970). This report summarizes the results of the final
phase of this study. The primary objective of the investigation was to determine
the feasibility of using supplemental lighting both before and after transplanting
to improve fruit set on the early fruiting clusters of spring crop tomatoes.

MATERIALS AND METHODS

Growing the Transplants for Mid-December Transplanting: Seeds of Ohio W-R 25
were sown in vermiculite on Nov. 3. After pricking-out into 4-inch clay pots, the
plants were divided into two lots. One lot was placed in the plant propagating
greenhouse to receive normal greenhouse light. The second lot was placed under
banks of fluorescent lamps (wide-spectrum, internal reflector Gro-Lux) designed to
provide 20 watts of rated energy per square foot of surface area at the tops of the
pots (Figure 1). The lights were set by time clock to turn on at 3 a.m. and off at
8 a.m. daily. A standard black shading cloth was drawn between the two lots at
dusk and removed at 8 a.m. each day to prevent the lights from affecting the non-
lighted plants. The plants were in the plant growing house for 6 weeks.

Night temperatures were maintained at 60 to 62° F. and day temperatures at
70° F. when low light conditions prevailed and 75° F. when moderate to high light
occurred. Other plant growing procedures were in accordance with usual practices
for plants used in research trials.

Growing Transplants for Early January Transplanting: Seeds of Ohio W-R 25 were
sown in vermiculite on Nov. 24 for early January transplanting. After potting, the
plants were divided into three lots. One lot was exposed to normal greenhouse light
conditions. The second lot was placed under fluorescent lamps as for the mid-December
transplants. The third lot was placed under an experimental metal arc lamp (Metal
Arc C) set to provide approximately the same amount of rated energy as provided by
the fluorescent lamps (Figure 2).

All growing practices and light exposures were as nearly the same as possible
to those used with the December transplants.

After Transplanting: The plants for the December planting were transplanted
on Dec. 17 and plants from the no-light and the fluorescent light treatments of the
January planting on Jan. 7. They were incorporated into a split plot design with
C02 enrichment as main plots, transplanting times as sub-plots, post-transplanting
light as sub-sub-plots, and seedling light as the final sub-plot treatment. The
main plots were replicated twice.

The post-transplanting light treatments were: 1) no additional supplemental
light; 2) light from 3 a.m. to 8 a.m. daily for 3 weeks after transplanting; 3)
light from 3 a.m. to 8 a.m. daily from transplanting through Feb. 28. The lights
were the same as used for the pre-transplanting light treatments and were hung on
adjustable chains to provide 20 watts of rated energy at the tops of the plants.
Standard shading cloths were also used in this part of the study to prevent the
lights from influencing the non-lighted plants.
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Plants from the metal arc treatment were incorporated into a second study to
compare plants exposed to this type of light with those receiving no supplemental
light during the plant growing period. There was insufficient space and too few
lights to conduct a complete pre- and post-transplanting experiment with this type
of light. Plants for this study were also transplanted on Jan. 7.

Cultural practices were uniform for all treatments and according to standard
practice. Data were collected on fruit set, yield, and quality factors and were
analyzed by standard procedures. All plants were removed from the beds in early
June.

RESULTS AND DISCUSSION

Pre-Transplanting Lighting Effects: Plants grown under the lights were gen-
erally in very good condition and the flower buds were well developed when trans-
planted. There were no apparent differences between the plants produced under the
fluorescent and metal arc lamps. Plants produced under normal greenhouse light con-
ditions were in good condition but the flower buds were somewhat less advanced and
flower opening was 2 to 5 days later than on plants grown under lights.

Fruit set data, summarized in Table 1, revealed that supplemental lighting
with fluorescent lights prior to transplanting increased average fruit set on the
first cluster. However, a significant C02 enrichment-light interaction complicated
interpretation of the results. C02 enrichment significantly increased fruit set on
the first cluster of both the December and January transplants. Pre-transplanting
light treatments further improved fruit set on the first cluster of the January
transplants but not on the December transplants. At present no explanation can be
given for this difference in response.

Seedling light treatment had no significant influence on total yield, fruit
quality, or incidence of any quality defect on the harvested fruit (Table 2)» This
held for both the December and January transplants. This response was not completely
unexpected because of the compensatory nature of tomato plants. If certain clusters
fail to develop sufficient numbers of fruits, subsequent clusters will usually pro-
duce more to compensate for fewer fruits on the earlier clusters.

Plants grown under the metal arc lamp also had more fruit on the first fruiting
cluster than plants grown under normal greenhouse conditions (4.75 compared to 3.60).
Again, no differences in total yield and fruit quality were found from the pre-trans-
plant light treatments.

Post-Transplanting Lighting Effects: No differences in plant growth and develop-
ment were apparent between the post-transplanting lighting treatments.

Fruit set data (Tables 3 and 4) indicate that the post-transplanting supplemental
lighting treatments increased fruit set on the first fruiting clusters of both the
December and January plantings. Results also show that supplemental lighting for 3
weeks after transplanting was just as effective on fruit set as lighting through the
month of February.

No differences in total yield, fruit quality, and specific fruit defects were
found between the post-transplanting lighting treatments (Tables 5 and 6).

The relatively small influence of post-transplanting supplemental lighting on
fruit set and the lack of effects on total yield appear to be due to two factors:
1) insufficient light intensity; and 2) insufficient duration of supplementing the
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TABLE l.--The influence of supplemental lighting
for growing transplants on fruit set. Wide-spectrum,
internal reflector, Gro-Lux lamps on from 3 to 8 a.m.
daily during plant growing period. Spring 1970.

Cluster

1

2

3

4

5

6

No. Fruits/Cluster
+ Lights No Lights

3.3k

3.32

3.6]

3.47

3.02

3.33

2.8? **

3.04

3.85

3.2?

2.72

3.27

** Difference between light treatment means
significant at odds of 99*1.

TABLE 2.—The influence of supplemental lighting
for growing transplants on subsequent yield and fruit
quality of greenhouse tomatoes. Spring 1970.

Data

No. Fruit/Plant

Lbs Fruit/Plant

Weight/Fruit (oz.)

No. Defects/Fruit

% U.S. No.1 Grade

% Fruits Puffy

% Fruits with Cracks

% Off -Shaped Fruits

% Off -Colored Fruits

Light Condi
+ Lights No

36.77

11.91

5.18

.888

72.04

22.75

29.29

14.46

14.58

tion
Lights

36.08

11.54

5.10

.917

71.50

25.71

30.58

14.42

13.75

No statistically significant differences between light
treatments.
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natural light. Plants grown in the Department of Horticulture growth chamber under
much higher light intensity for 12 or 15 hours per day have generally had more fruits
set on the first four clusters than spring crop plants in the greenhouse.

CONCLUSIONS

1. Supplemental lighting of spring-crop greenhouse transplants may have a sig-
nificant influence on fruit set of the first fruiting clusters after transplanting.
However, it appears that an increase in both intensity and duration of lighting
would be desirable. Information reported in OARDC Research Summary 41 (April 1970)
revealed that transplants grown in the growth chamber with four to five times more
light than used in this study had an average of 4.28 fruits on the first cluster
compared to 3.34 from the light treatments described in this report (Table 1).

Supplemental lighting of transplants during the darker winter months would ap-
pear helpful and likely necessary to obtain satisfactory crops from high density
plantings of two or three cluster plants. This aspect is presently under investiga-
tion.

2. Supplemental lighting of greenhouse tomatoes after transplanting does not
appear practical both from an economical and a management standpoint. With the type
of fluorescent lamps and fixtures used in this study, it would require 40 double
lamp fixtures for each 320 ft. of paired rows. This would require a "considerable in-
vestment. Further, the fixtures would probably reduce freedom of movement in the
greenhouse for some cultural operations.

The use of metal arc lamps and fixtures which could be placed above the plant
training wires would reduce the movement restrictions. However, it appears that at
least 30 lights would be required for each four rows 320 ft. long and this also
would be a large investment.
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TABLE 3.—The influence of supplemental lighting after
transplanting into ground beds in mid-December on fruit set.

Cluster

1

2

3

4

5

6

+ Thru Feb.

2.99

it. 11

4.24

2.80

2.28

3.56

No. Fruits/Cluster
+ 3wks. after Transp,

3.26

4.38

3.86

2.20

2.19

3.83

No Lights

2.65 *

4.38

3.80

2.15

2.16

3.89

* Differences between light treatment means significant at odds
of 19:1.

TABLE 4.—The influence of supplemental lighting after
transplanting into ground beds in early January on fruit set.

Cluster

1

2

3

4

5

6

+ Thru Feb.

3.33

2.66

3.43

4.19

3.65

2.95

No. Fruits/Cluster
+ 3wks. after Transp.

3.58

1.90

3.50

4.48

3.50

2.55

No Lights

2.84 *

1.67

3.58

4.41

3.44

3.04

* No light treatment had significantly less fruit than plus
light treatments at odds of 19:1.
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TABLE 5.—The influence of supplemental lighting after
transplanting,of greenhouse tomatoes into ground beds in mid-
December on yield and fruit quality. Spring 1970.

Data
Light Condition

+Thru Feb. + 3wks. after Transp. No Lights

No. Fruit/Plant
Lbs. Fruit/Plant
Weight/Fruit (oz. )
No. Defects/Fruit
% U.S. No.1 Grade
% Fruit Puffy
% Fruit with Cracks
% Off -Shaped Fruit
% Off -Colored Fruit

38.92
12.74
5.20

.870
72.63
22.00
25.13
17.50
14.25

40.23
12.73
5.07

.825
73.63
23.00
28.25
14.13
9.25

38.08
12.43
5.22

.865
73.88
24.13
24.38
15.75
13.63

No statistically significant differences between light treatments.

TABLE 6.--The influence of supplemental lighting after trans-
planting of greenhouse tomatoes into ground beds in early January on
yield and fruit quality. Spring 1970.

Data Thru Feb.
Light Condition
3wks. after Transp. No Lights

No. Fruit/Plant
Lbs. Fruit/Plant
Weight/Fruit (oz.)
No. Defects/Fruit
% U.S. No.1 Grade
% Fruits Puffy
% Fruit with Cracks
% Off -Shaped Fruits
% Off -Colored Fruits

34.19
10.95
5.14

.841
73.50
21.00
30.88
12.75
13.25

34.46
10.84
5.04

.921
70.75
26.38
33.00
11.38
15.00

32.69
10.66
5.22
1.090

66.25
28.88
38.00
15.13
19.63

No statistically significant differences between treatments.

Greenhouse Vegetable Research—-1971. Research Summary 50, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1971.
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SEASONAL CHANGES IN RATE OF FRUIT DEVELOPMENT FROM BLOOM TO
MATURITY OF THE GREENHOUSE TOMATO

Dale W. Kretchman and William L. Bauerle
Department of Horticulture

Ohio Agricultural Research and Development Center

During the examination of data from some pollination studies, there appeared
to be a wide range in number of days from pollination to maturity. A few pollina-
tion dates from a spring and a fall crop were selected at Random to obtain data on
the range of maturity. The cultivar was Ohio W-R 25. Each blossom was tagged on
the day it was pollinated and the date was recorded when fruit was picked at the
pink stage of maturity. It was then possible to determine the number of days re-
quired for maturation.

Data presented in Table 1 show that the number of days from pollination to ma-
turity for the spring crop ranged from 48 to 89 days and for the fall crop from 33
to 72 days. Unfortunately, records were not kept on the location of the flower po-
sition on each cluster. The data suggest, however, that there likely is a plant
load and a flower position effect on the rate of maturation because of the general
increase in number of days to harvest the last fruit pollinated on a given date and
the general increase in range of days between the first and last harvest.

It appears that high temperatures may also delay maturation. The early fall
pollination dates and the last pollination date for the spring crop had the greater
number of days from pollination to maturity and these fruits would be maturing under
higher temperatures. However, with the spring crop this could likely be a crop load
as well as a temperature effect.

These observations may provide some assistance in determining a desirable date
for topping greenhouse tomato crops.

TABLE 1.--Range in Maturity of Tomato Fruits from Pollinations
on Several Dates of a Spring and a Fall Crop.

Pollination
Date

First
Harvest

Last
Harvest

Days
to First
Harvest

Days Range
to Last in
Harvest Days

Spring Crop

Feb. 17
March 2
March 16
April 1
April 10

Fall Crop

April 6
April 20
May 5
May 21
June 18

April 23
May 11
July 6
June 29
July 6

48
49
50
50
69

65
70
82
89
87

17
21
32
39
18

Aug.
Aug.
Sept.
Sept.

9
21
3
18

Sept.
Oct.
Oct.
Oct.

26
3
17
21

Oct.
Oct.
Nov.
Nov.

7
28
4
29

48
43
44
33

59
68
62
72

11
25
18
39

Greenhouse Vegetable Research—1971. Research Summary 50, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1971,
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WHITEFLY POPULATIONS AND YIELDS OF GREENHOUSE TOMATOES

R, K. Lindquist and R. R. Spadafora
Department of Entomology

Ohio Agricultural Research and Development Center

The greenhouse whitefly, Trialeurodes vaporariorum (Westw.) (Homoptera:
Aleurodidae), is a common and persistent pest of many crops grown under glass.
Chemical control of this insect is often difficult because most immature stages
have some resistance to many of the chemical controls currently used. Therefore,
unless control"measures are applied at proper time intervals, populations can in-
crease rapidly.

The life history, behavior, and chemical and biological control of whiteflies
have been well documented by many workers. However, very little research has been
conducted on the relationship between whitefly populations and yields of greenhouse
vegetables.

Both adult and immature whiteflies insert their mouthparts into plant tissues
and remove plant fluids. In addition to direct feeding damage, whiteflies excrete
a sticky substance called honeydew which sometimes covers foliage and fruits. When
sufficient amounts of honeydew are present and environmental conditions are right,
a black sooty fungus appears on the foliage. If severe enough, tomato plants may
be killed (1). Hussey et al. (2) reported that an average of 70 whitefly nymphs per
3/4-inch leaf disc on subapical leaves reduced yields of greenhouse tomatoes. How-
ever, far fewer whiteflies were required for a honeydew deposit to appear on fruits.
Tomato plants were infested with whiteflies at different dates after planting and
plants which were infested earliest had lowest yields. In most commercial growing
situations, however, tomato plants are not heavily infested with whiteflies when
transplanted to soil beds at the beginning of each crop.

More information on the effects of insecticide treatment intervals on whitefly
numbers and resulting tomato yields is needed for commercial growers. To provide
some of this information, two experiments were conducted during 1970.

METHODS

Both experiments were conducted in greenhouse compartments measuring approx-
imately 25 ft. x 20 ft. Tomato plants received water as needed by means of an over-
head watering system. Insecticides were applied with a 2-gallon compressed air
sprayer at a pressure of 40 lb. psi. Sprays were directed at both upper and lower
leaf surfaces and plants were sprayed to runoff. Temperatures in the greenhouse
averaged 70-80° F. during the day and 55-65° F. at night. All plants contained low
numbers of whiteflies when transplanted to soil beds. No effort was made to regu-
late populations other than by insecticide treatments.

Spring Crop 1970: For this experiment, plants were divided into three groups.
Each group contained four plants and was replicated two or four times. The treat-
ments were as follows: A) spray at 5-day intervals; B) spray at 14-day intervals;
and C) untreated plants. Malathion (57% EC) at 1,0 lb. a.i. per 100 gallons or en-
dosulfan (50 WP) at 0,5 lb. a.i. per 100 gallons were used as insecticide treatments,

Whitefly nymphs were recorded from each of 12 subapical leaflets per replica-
tion at 7 to 10 day intervals during a 12-week period. Mature fruits on all trusses
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TABLE l.—Mean Number Whitefly Nymphs per Leaflet on Tomato Plants Treated
at Different Intervals, with Resulting Fruit Yields. Spring Crop 1970.

Fruit Yield
Average No. Whitefly (Percent of Fruit Wt. from

Treatment* Nymphs per Leafletf Untreated Plants)

Every 5 days

Every 14 days

Untreated**

25.8

32.6

65.2

109

91

*Plants sprayed with malathion or endosulfan. Four replications,

tLeaflets (12 per replication) sampled at 7-10 day intervals for 12 weeks.

**Two replications.

TABLE 2.—Mean Number Whitefly Nymphs per Leaf Disc on Tomato Plants
Treated at Different Intervals, with Resulting Fruit Yields and Percent
Sticky Fruits. Fall Crop 1970. ________

Mean No, Whitefly
Nymphs per Leaf Disc

During 13-Week
Fruit Yield

(Percent Fruit Wt, from Percent
Treatment*

Endosulfan-4 days

Endosulfan-7 days

Aldicarb - 1
application

Endosulfan»14 days

Untreated

Periodt

2.98 a

3.85 a b

6.10 a b

6,75 b

19.92 c

Untreated Plants)

112

129

122

95

--

Sticky Fruits

2

14

17

8

36

*Rates: aldicarb (10 G) at 0.5 gnu per plant applied in soil; endosulfan
(50 WP) at 0.5 Ib. a.i. per 100 gallons. Three replications.

tTen sample dates during 13-week period; eight leaf discs per replication
at each date. Means followed by same letters not significantly different at .05,
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were harvested and weighed. Harvesting continued until plants were removed from the
greenhouse. Yields from treated plants were expressed as percent of fruit weight
harvested from untreated plants. No data were obtained on number of fruits con-
taining honeydew.

Fall Crop 1970: In this experiment, plants were divided into five groups of
four plants each. Each treatment was replicated three times. Treatments were as
follows: A) one application of aldicarb (10 G) at 0.5 gm. of formulation per plant,
applied in soil; B) endosulfan (50 WP) at 0.5 Ib. a.i. per 100 gallons at 4-day in-
tervals; C) endosulfan, 0.5 Ib. a.i. per 100 gallons at 7-day intervals; D) endosul-
fan, 0.5 Ib. a.i. per 100 gallons at 14-day intervals; and E) untreated.

Tomatoes were sampled for immature whiteflies 10 times during^ a 13-week period
by removing 4-5/8 inch diameter leaf discs from subapical leaflets on each of two
plants per replication (24 leaf discs per treatment at each sample date).

Mature fruits were harvested from trusses 2 through 6. Number and weight of
fruits plus number of fruits with honeydew were recorded. Yields from treated plants
were expressed as percent of fruit weight harvested from untreated plants.

RESULTS

Spring Crop 1970; Results are given in Table 1. Plants treated at 5-day in-
tervals yielded about 10 percent more than untreated plants. Plants treated at 14-
day intervals yielded approximately 10 percent less than untreated plants, although
containing an average of half the number of immature whiteflies per leaflet. Plants
treated at 5-day intervals yielded almost 20 percent more than plants treated at 14-
day intervals but had an average of only about seven fewer whitefly nymphs per leaf-
let.

Fall Crop 1970: Results are shown in Figure 1 and Table 2. Whitefly nymphs on
treated plants remained at relatively low numbers per leaf disc for most of the 13-
week period (Figure 1). As expected, larger numbers of whiteflies were recorded
from plants sprayed at 14-day intervals until week 13, when higher numbers were re-
corded from aldicarb-treated plants. Plants sprayed at 4- and 7-day intervals had
lower numbers throughout the entire period.

Sooty fungus formed on untreated plants about 7 weeks after being placed in
soil beds, 12 weeks on plants treated at 14-day intervals, and 13 weeks on aldicarb-
treated plants. No sooty fungus was observed on plants treated at 4- and 7-day in-
tervals. In this experiment, an average of approximately 10 whitefly nymphs per
leaf disc appeared sufficient to cause enough honeydew for formation of sooty fungus.

Fruit yields (Table 2) from the various treatments showed some differences,
although not statistically significant. Plants treated with aldicarb or sprayed at
4- and 7-day intervals had yield increases of 12 to 29 percent compared with un-
treated plants. However, plants sprayed at 14-day intervals yielded 5 percent less
than untreated plants, even though sampled whitefly numbers averaged about one-third
of those on untreated plants.

All insecticide treatments significantly reduced whitefly numbers compared with
check plants, However, differences among the 4-day, 7-day, and aldicarb applications
were not significant. The only significant differences among insecticide treatments
were between 4-day and 14-day application intervals.
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Untreated plants had a markedly higher percentage of sticky fruits than treated
plants, but this was not directly related to numbers of whiteflies recorded.

DISCUSSION

From these experiments it appears that uncontrolled infestations of whiteflies
reduce yields of greenhouse tomatoes. However, other factors may alter results to a
considerable degree. Probably one of the major factors in these experiments was un-
even watering by the overhead system. Although amounts of water reaching all treat-
ments were not measured, visual observations showed that the spray pattern did not
reach some areas as much as others. In all cases, untreated plants were in well-
watered areas. If all plants had received approximately the same amount of water,
yield differences may have been greater.

The inconsistency among treatments in percentage of sticky fruits can probably
be explained by harvesting and watering practices. Fruits were sometimes harvested
shortly after watering, which may have removed much of the honeydew.

To precisely measure tomato yield reduction by whiteflies, environmental fac-
tors must be controlled. Work now in progress should eliminate much of the varia-
bility found in these tests.

Whiteflies may reduce fruit quality, even though not significantly reducing
yields. This possibility will be investigated in future work.

LITERATURE CITED

1. Hussey, N. W. and B. Gurney 1958. Greenhouse whitefly. Ann. Rept., Glass-
house Crops Res. Inst. , 1957:134-137.

2. Hussey, N. W., W. J, Parr, and B, Gurney. 1959, The effect of whitefly
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USE OF Encarsia formosa TO CONTROL WHITEFLIES ON GREENHOUSE TOMATOES

R. K. Lindquist and R. R. Spadafora
Department of Entomology

Ohio Agricultural Research and Development Center

The greenhouse whitefly, Trialeurodes vaporariorum (Westw.) (Homoptera:
Aleurodidae), is well known as a pest of many crops grown under glass. Because
most immature stages have some resistance to many commonly used insecticides,
chemical control of this insect is often difficult. Recently there has been in-
creased interest in the use of biological control methods, such as parasites or
predators, in controlling insect pests. This is due to restrictions on use of
chemical insecticides and because most entomologists recognize that non-chemical
control methods, whenever practical, are generally more desirable solutions to in-
sect control problems than chemical insecticides.

Conditions in most greenhouses are ideal for testing biological control systems.
A favorable environment for both host and parasite, plus limited migration into and
away from the area under study, make it possible to obtain much useful information
concerning host-parasite interactions.

Encarsia formosa Gahan (Hymenoptera: Chalcidoidea) is a tiny wasp which para-
sitizes immature whiteflies. Although found in Ohio during the 1920!s, it appar-
ently was not utilized to control whiteflies until exported to England. In recent
years several studies have shown E. formosa to be an effective control for white-
flies, either alone or in an integrated program (1, 2, 4, 5).

Much previous work was conducted with rather precise measurement of initial
host and parasite infestation. In most commercial growing situations, growers would
not have time to make measurements of whitefly populations before introducing para-
sites. Since most commercially grown tomato plants have a few whiteflies present
when first placed in soil beds, a method was used in this study which most Ohio grow-
ers could utilize.

METHODS

Forty-five tomato plants (Ohio MR-12) were placed in a soil bed inside a 200
square foot greenhouse compartment. There was a light infestation of whiteflies on
plants but no attempt was made to measure the population. Fourteen days after plants
were placed in soil beds, approximately 300 adult Encarsia were released inside the
greenhouse compartment.

Beginning 6 weeks after parasite introduction, adult whiteflies were sampled at
weekly intervals for 7 weeks. Whiteflies were recorded from four apical leaflets on
each of 15 plants selected at random.

Leaflets also were selected which contained very early instar whitefly nymphs.
Groups of 30 leaflets each were selected 6 and 8 weeks after parasite introduction.
Leaflets were tagged and numbers of living nymphs were recorded. Surviving nymphs
on each leaflet were again recorded 15 and 25 days later. Numbers of black (para-
sitized) whiteflies on each leaflet also were recorded after 25 days.

No overhead watering system was available so plants were watered individually
as needed. Daytime temperatures averaged 74° F, and night temperatures averaged
68° F. during the experiment.
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RESULTS

Figure 1 illustrates results of sampling adult whiteflies during a 7-week per-
iod. Numbers dropped rapidly during a 3-week span and did not rise above an aver-
age of approximately 0.2 per sampled leaflet. No whitefly adults were found on
sampled leaflets 13 weeks after introducing parasites.

Data from tagged leaflets are given in Tables 1 and 2. Numbers of surviving
whiteflies declined markedly during the 25-day period. Although fewer nymphs were
present on the second group of leaflets, population decreases and percent parasit-
ism were similar for both groups.

DISCUSSION

Encarsia adults reduce whitefly numbers in three ways, depending on the growth
stage attacked. One method is by parasitism of medium size nymphs and another is
apparently by stabbing small nymphs with the ovipositor. Gerling (3) reported that
whitefly pupae also are destroyed by feeding of newly emerged parasites.

In this experiment, immature whitefly mortality ranged from 94 to more than 99
percent on tagged leaflets (Table 2). Parasitism accounted for 23 and 17 percent
of this mortality on the first and second groups of leaflets, respectively. There-
fore, most host mortality occurred because of other factors. Unfortunately, white-
fly mortality in the absence of parasites could not be measured. However, Burnett
(2) reported an average of 95 percent whitefly survival when no parasites were pres-
ent. If this figure is applied to results of this experiment, approximately 66 to
77 percent of immature whitefly mortality could be attributed to adult parasite ac-
tivities other than actual parasitism.

As stated previously, no adult whiteflies were found on sampled leaflets 13
weeks after introducing parasites. Although effective in controlling whiteflies,
parasites may have been too successful in this case. For a biological control
system of this type to work successfully, some host insects must be present to pre-
vent elimination of parasites and possible re-infestation of plants by host insects
which may migrate into the greenhouse.

Ideally, an integrated program should be developed which allows the parasites
to survive while controlling insect pests other than whiteflies. This will be dif-
ficult because most commonly used insecticides are toxic to parasite adults. How-
ever, whiteflies are often the only insect pests on greenhouse tomatoes during large
segments of a growing season. If parasites can be used during these times, Ohio
growers can reduce insecticide applications.
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TABLE 1.—Survival and Parasitism of Whitefly Nymphs on Two Groups of Leaflets,

Weeks After
Introducing
Parasites

6 weeks

8 weeks

Mean No. Surviving
Immature Whiteflies
on Indicated Days

After Tagging Leaflets*
0 15 25

22.3 10.5 1.3

14.4 6.4 0.1

Mean No. Parasitized
Whiteflies per Leaflet

After 25 Days

5,1

2.4

Percent
of Original
Whiteflies
Parasitized

23

17

*Thirty leaflets tagged 6 and 8 weeks after introducing parasites.

TABLE 2. Mean Percent Mortality of Whitefly Nymphs on Tagged Leaflets,

Weeks After Percent Mortality
Introducing on Indicated Days
Parasites After Tagging Leaflets*

15 25

6 weeks 53 94

8 weeks 56 99

*Thirty leaflets tagged 6 and 8 weeks after introducing parasites,

Greenhouse Vegetable Research—1971. Research Summary 50, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1971,
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INTRODUCTION TO AERATED STEAM TREATMENT OF GREENHOUSE SOILS

James D. Farley and Ted H. Short
Departments of Plant Pathology and Agricultural Engineering

Ohio Agricultural Research and Development Center

It has been known for 30 years that soil-borne plant pathogenic fungi, bac-
teria, nematodes and most viruses are killed by steaming soil at 140° F. for 30
minutes. Until the development of aerated steam, however, it was commercially un-
feasible to treat soil at temperatures below live steam. Within the last 10 years,
Baker and co-workers in California, Pennsylvania, and Australia (1, 2, 3, 4) have
developed the aerated steam concept into a commercial reality. Now many ornamental
growers in California and Pennsylvania are using aerated steam as an alternative to
steam treatment.

To minimize losses from soil-borne pathogens when the same crop is grown re-
peatedly, Ohio greenhouse soils are usually partially sterilized by steam treat-
ment. Steam treatment at 212° F. produces essentially a biological vacuum. The
first microorganism to return to steamed soil will luxuriate, and if the microorg-
anism is a pathogen, severe disease loss may occur.

Baker (1, 3) and his co-workers at the University of California have indicated
that the pathogen re-entry problem can be obviated by heating soils by aerated steajn
to temperatures only just above those lethal to pathogens, i.e. 140°F. At this tem-
perature, many of the beneficial saprophytes will survive and prevent rapid re-entry
of pathogens.

In addition to alleviating the pathogen recontamination problem, other advan-
tages from the use of aerated steam have been realized. Chief among these are: 1}
manganese and nitrite toxicity (6), often induced by steaming at 212° F., is greatly
reduced when soil is treated at 140° F.; and 2) there is a substantial reduction in
the quantity of steam used (4), with a subsequent greater treatment capacity for a
given steam generator and a lower fuel cost.

Most weed seeds are killed provided the soil is kept moist for 3 days prior to
treatment. Weeds have not proved a serious problem in soils treated commercially at
140° F. in California (1)-

With the single exception of tobacco mosaic virus (5), aerated steam treatment
at 140° F. has been reported to kill all pathogens studied (2). The success of aer-
ated steam treatment as an alternative method for pasteurizing greenhouse soils in
Ohio thus depends on the future of the recently released TMV-resistant varieties.
It is anticipated that through cooperative efforts of the Departments of Horticul-
ture and Plant Pathology, the TMV varieties will be substantially improved and wide-
ly accepted by growers.

The equipment requirements for steam aeration are a source of steam and air, a
mixing chamber, and a distribution system. Almost all of the vegetable greenhouses
in Ohio have sources of steam and tile distribution systems in their houses. The
mechanisms for regulating and mixing the air and steam are readily available. The
choice of a blower or source of air is not an easy one to make, however, especially
when considering heavy soils and large areas.
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To choose a blower, one must establish a desired flow rate through the soil
such as 5 cubic feet per minute (c.f.m.) per square foot of area. If the treatment
area is 500 square feet, the air flow requirement for the blower would be 2500 c.f.m.
This does not appear to be such a large blower until one considers the static pres-
sure it may have to operate against to produce the specified flow. This static
pressure is generally a direct function of the resistance of the soil to air flow.
This resistance is expected to be higher with common soils than with small batches
of peat-like mixes where aerated steam is now being used at pressures around 5 inches
of water. It may be extremely high for heavy clay soils in many Ohio greenhouses.
One obviously soon enters the realism of multi-horsepower air supplies for which the
initial cost demands a careful selection of size.

Through the cooperation of the Departments of Agricultural Engineering and Plant
Pathology, the mechanics and biological effects of aerated steam will be studied for
application to large areas of greenhouse soil. From the results, it is hoped that
the desirability of aerated steam will be determined and basic information found for
applying the technique to commercial greenhouses if it is feasible.
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GREENHOUSE TOMATO DISEASES

Robert E. Partyka
Extension Plant Pathologist
The Ohio State University

This review of diseases of greenhouse tomato is based <in observations of the
industry. Ideas and suggestions for control of major diseases are presented.

Botrytis stem rot is a common problem each spring. Its prevalence often varies
with current weather conditions. Stem lesions below the soil line may indicate that
the disease started on the plants before transplanting. Could over-watering, poor
soil permeability, excess fertilizer or salts be involved in initiating the disease?
Did temperatures drop to favor humidity conditions so the fungus could start to grow
at the base of these small plants? A closer watch of temperature and moisture con-
ditions in the potted plant area may be advisable. Was the soil adequately disin-
fested and kept from being recontajninated? Do the workers understand how to keep
these plants disease-free? A few minutes of basic understanding and discussion may
be worthy of consideration.

Botrytis stem rot which develops above the soil line can often be associated
with mechanical damage at transplanting time. It is often wise to advise workers
that tomato stems are not steel rods, especially now when labor crews vary from crop
to crop.

Low night temperatures during unusually cold nights when heating lines are in-
sufficient to maintain desired temperature levels may be a key factor to keep in
mind. Condensed moisture can trigger Botrytis problems. Watching major weather
fronts can be an aid in determining when to apply a protective fungicide to the
plant to prevent possible disease development if heating capacity of the greenhouse
is below the minimum desirable range to maintain adequate temperature levels.

Seed leaves or cotyledon leaves have been points of infection on some crops.
Removing or burying these leaves or applying a protective fungicide will help to
reduce the chances of infection. In general, this disease can be reduced by timely
fungicide sprays or drenches.

Rhizoctonia stem canker may be important in the early crop. This fungus invades
succulent tissue. Its primary means of movement is by contaminated soil, so if this
disease is present in a crop, one must consider possible ways the soil was contami-
nated. If the soil was not disinfested, one should always use a protective fungi-
cide shortly after transplanting to the ground bed. Infection later in the growing
season may be associated with the fungus being carried in on the mulch or infested
soil.

Mulches may contribute to disease problems in the greenhouse, and in some cases
may be sources of inoculum. This will depend on where the mulch came from. Straw,
hay, etc. which contains considerable soil may transport yerticiIlium, Rhizoctonia,
and Sclerotinia (timber rot) if these organisms were present in the field or on the
previous crop. A knowledge of the history of a mulch would be worthwhile. Many
mulches may act as a food source for secondary fungi such Phizopus, which has been
troublesome on ripe fruit. Knowing that this disease organism may be a factor, one
can use protective fungicides on the mulch and the fruit.
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Weedy mulches or ones with viable seed can hamper air circulation in the green-
house and favor disease problems such as Botrgtis or leaf mold. A test of the mulch
for weeds or viable seeds may be worth considering to know what action one must take
prior to using the mulch, such as steaming, or after, such as cultivation to hill
the seedling plants. Weed plants in the mulch not only impede air circulation, but
also add large quantities of water which may alter relative humidity levels and fa-
vor a disease buildup.

Relative humidity control is very critical in the greenhouse, as major foliage
diseases are favored by RH conditions above 90%. Consequently, accurate placement
of thermometers, humidistats, and other sensing devices is very important. Climatic
conditions near the plant surface are often very different from those in the walkway
or at eye-level. If a continuous air movement system is employed, the placement of
the sensing devices may not be as critical unless large barriers are present near
the instruments.

Continuous readings during the day and especially at night are desirable but
may not be always practical or economical. However, relatively low cost equipment
is available to monitor the highs and lows, especially at night, to act as a guide
as to what diseases one may expect at a future date. Do you know what the lowest
temperatures are every night or how long relative humidity remained above 90%?
Alarm systems are often employed when conditions reach an absolute minimum or there
is a complete failure of the boiler, but are they used when temperatures drop below
the desired minimum? Such an alarm may be helpful in preventing a serious problem
at a later date.

Certain practices used to set fruit may result in blossoms remaining attached
to the calyx or pistils to the stylar end and can favor the development of Botrt/tis
or Trichothecium fruit rot. If these conditions exist, extra precautions will be
necessary to reduce the possibility of a disease problem becoming established on the
fruits.

Virus diseases have always been a serious threat to the greenhouse tomato.
Sanitation to keep these diseases at a minimum cannot be stressed enough. In some
cases the disease, such as tobacco mosaic, will eventually develop in the crop.
The source may be from the outside or it may be in the greenhouse, such as roots
from a previous crop. The role of TMV on greenhouse tomato may change with the ad-
vent of mosaic-resistant varieties. However, what reaction may occur on these vari-
eties if potato virus X is introduced is unknown. We know what happens when TMV and
potato virus X are combined in regular tomato varieties--no crop or a poor crop is
harvested. Therefore, it is still important to caution against the use of potatoes
around the tomato greenhouses.

Insect vectors, such as thrips and aphids, play an important role in the spread
of spotted wilt and cucumber mosaic viruses. Sanitation around the greenhouse and
the control of broadleaf weeds are still important, as well as the removal of orna-
mental flowers or plants from the tomato greenhouse. Ornamental plants outside the
vicinity of the greenhouse and insect vectors should be closely watched as the sea-
son progresses.

Verticillium wilt, root knot nematodes and soil-borne TMV occur in many green-
houses. In some cases one must consider soil disinfestation procedures in relation
to time and temperature of disinfesting. Is the soil moisture adequate for heat
transfer and are the steam tile lines open? The volume of soil over a steam tile
will determine how long one must disinfest the soil provided all conditions are
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ideal for steaming. If soil temperature or moisture are off or if the soil is too
deep, extra time must be allowed to do a satisfactory job. Hurrying to do the job
may result in poor soil disinfesting and disease problems at a later date.

Chemical soil disinfestants have done a satisfactory job if all systems are "go"
for the fumigant. Soil temperature and moisture, organic content, and time are very
critical. Directions with the fumigant must be followed in detail. Otherwise, dis-
ease control will not be complete.

An understanding of production diseases will control problems in the greenhouse.
A thorough knowledge of post-harvest diseases and how they are related to production
practices in the greenhouse is important to the entire industry. The diseased fruit
at the retailer reflects back to the producing area and tomatoes without a market do
not move rapidly.

Two factors which should be considered in handling tomato fruits are tempera-
ture and mechanical injury. Field or greenhouse heat of a tomato fruit is accele-
rated by normal respiration of the fruit. Thus, harvested fruit can continue to
warm after it is harvested. Unless this fruit is cooled and kept cool, temperature
and humidity will rise sufficiently to favor development of fungal spores on the
surface of the fruit. Mechanical abrasions from rough handling, dirt in the basket,
long fingernails, etc. provide an opening for many fungi and bacteria to enter. In
addition, wounds allow moisture to escape and this helps to raise the humidity in a
confined space.

Considering the possible disease problems, one wonders how a crop of tomatoes
can be grown. In most cases only one or two points are involved for each grower.
Recognizing the major problems in your operation and posting a sign as a reminder
may be helpful to inform individual workers of the points which should be watched.
General signs in conspicuous locations which are changed as the season progresses
would be helpful reminders. A brief demonstration on specific techniques should be
considered, especially for new workers. A blackboard with a drawing to show plant-
ing depth or where injury can take place may be worthy of consideration.

Undoubtedly other points should be considered and more visual material would
be of definite help. As progress is made in this area, it is hoped that the proper
material can be developed to do a better job of education and thus reflect back on
better production with lower input costs.
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COMPETITION IN THE WINTER TOMATO INDUSTRY

M. E. Cravens
Department of Agricultural Economics and Rural Sociology

Ohio Agricultural Research and Development Center

During the October-July (winter) tomato season, greenhouse and Florida tomato
producers now furnish a smaller share of the total fresh tomato supply than formerly,
while Mexico's share has increased. At the same time, there has been an increase in
vine-ripe tomato shipments both in absolute and percentage terms, while shipments of
mature green tomatoes have declined.

Between the 1963-64 and the 1969-70 winter seasons, vine-ripe tomato shipments
increased from 9.1 million 40-lb. units to 16.0 million units (Table 1). This in-
crease was from 24 percent of total supplies to 36 percent. During this same period,
mature green tomatoes declined from approximately 41 percent to 24 percent of the
total.

The increasing proportion of vine-ripe tomatoes has increased competition to
greenhouse tomatoes to a greater extent than indicated by increases in supplies.
While the greenhouse tomato is generally preferred during the winter season, the
quality advantage it holds over the vine-ripe tomato is less than it holds over the
mature green tomato.

COSTS OF PRODUCTION AND MARKETING

In a competitive economy, the market goes to producers who can produce and
market a satisfactory product at the least cost to consumers. In the tomato in-
dustry, it appears that a shift has occurred in relative costs and market advan-
tages between competing areas in the U. S. winter tomato market.

Limited data are available on production costs in various producing areas.
Despite the considerable variability among estimates, a cost advantage of Mexican
over Florida or greenhouse growers seems apparent. For vine-ripe tomatoes in two
areas of Florida, estimated costs were 2 to 7 cents higher than costs of Mexican
tomatoes, including import duties and shipping costs to Nogales, Arizona (Table 2).

Canadian greenhouse tomato costs were 12 to 15 cents per pound greater than
vine-ripe Mexican tomatoes at Nogales, Arizona, duty paid. These differences are
greater than the freight differentials. Freight costs from south Florida to Chicago
in 1968 were approximately 2.5 cents per pound, while those from Nogales to Chicago
were 3,0 cents per pound. For New York, the relative rate was 2,3 cents from
Florida and 4.7 cents from Nogales.

The competitive situation is likely to remain severe for greenhouse and Florida
winter tomato producers. New production areas are being developed in Mexico and
Mexican producers are becoming more skilled at production and marketing. Climate
and soils in Mexico are suited to many of the superior California and Florida vari-
eties. Tomato breeders are constantly developing new improved varieties. Transpor-
tation continues to improve and these costs have risen less than other costs.
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ALTERNATIVES FOR OHIO GREENHOUSE TOMATO GROWERS

There are few alternatives open to Ohio greenhouse tomato growers under the
present competitive situation. The following brief assessment of alternatives may
assist producers in making operating decisions.

deduce Production Costs: Several minor cost reductions in greenhouse tomato
production are possible through greater use of machinery and equipment. The major
means of cost reduction is through increased yields per acre because many production
costs are constant per acre, regardless of whether yields are 10,000 or 20,000 bas-
kets. It is true that a breakthrough in pollination or a less costly method of
planting could significantly reduce costs. Still, the factor more nearly under the
control of the greenhouse grower and the one offering the greatest chance for cost
reduction is increased yield per acre.

deduce Marketing Costs: Unfortunately, few marketing costs are under the con-
trol of the grower or the grower association. Two major items, the package cost
and the retail margin, are almost completely outside the control of the grower or
the association. Greater efficiencies in grading, packaging, selling, and trans-
porting are possible. However, these account for a relatively small portion of the
total marketing cost and are already performed relatively efficiently. So no major
savings are likely from these sources. This does not infer that attempts to reduce
such costs are unimportant (even 1/2 cent a basket saved would be significant). It
merely suggests that such savings are not of the magnitude to make greenhouse toma-
toes fully competitive with Mexican tomatoes.

Increase detail Prices: Two major means are available to increase retail prices,
The first is through promotion and advertising or an increase in the marketing cost
aimed at increasing demand and value of sales. There is an unknown potential in such
promotional activity.

Another means of increasing demand and price is to increase product quality.
The use of optimum production practices, particularly with respect to fertilization,
watering, and temperature; harvesting at proper maturity; adequate use of cooling
after harvest; and more careful handling can all improve product quality. Faults
in one or more of these practices can be found in many greenhouse programs. The
results are that greenhouse tomato quality in the retail store is quite variable.

Another means of improving quality, increasing demand, and obtaining a competi-
tive price advantage is through tomato breeding for culinary quality as well as
yield per acre. Without a superior quality product, much of the effect of promo-
tional activity will be lost. In fact, if the quality is seriously deficient, the
effect of product identification and promotion can be negative.

Substitute Crops: Alternative crops for greenhouses are relatively few. Let-
tuce and cucumbers are the two most frequent food crops other than tomatoes grown
in greenhouses. Cucumbers are subject to the same competition as tomatoes. The de-
mand for the type of lettuce grown in greenhouses is quite limited.

Bedding plants offer an alternative use of space which has been acceptable to
several former greenhouse tomato growers. Cut flowers and potting plants have also
been profitable alternative crops for'some growers.

-48-



CONCLUSIONS

Both individual and industry-wide adjustments will undoubtedly be necessary.
The competition in the winter tomato industry is becoming more intensive and there
is every likelihood that this trend will continue* No one alternative solution is
suitable. However, the one alternative most nearly under the greenhouse operator's
control is that of decreased production costs through increased yields per acre.
For those who clearly cannot reduce costs sufficiently to compete in the tomato
market, the production of other crops may offer a profitable alternative.

Alternatives for group action by the industry include: increasing product
quality through improved production and marketing practices, tomato breeding pro-
grams for improved quality, and promotion of greenhouse tomatoes to increase demand
for the product.
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